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Almost 20 years ago, urea was described as a chemotaxis attractant for Helicobacter pylori. In this issue of
Cell Host & Microbe, Huang et al. (2015) report that H. pylori employs its urease enzyme to destroy urea to
bring the concentration into a range that provokes an attractant response.It has long been known that pathogenic
bacteria sense particular host cues to
gain spatial information about where
they are within a host. These cues define
when and where to colonize, and turn on
virulence factor expression. The host
environment is not static, however, and
we are now developing an understanding
that pathogens play an active role in
shaping it to make it suit their needs. A
new example of this ability is provided
by collaborative work from the labs of
Manuel Amieva, Karen Guillemin, and
Jim Remington, headed by graduate
student Julie Huang. Together they
describe that Helicobacter pylori senses
urea as a chemoattractant, but must
actively modulate the concentration of
this metabolite in order to do so.
Chemotaxis is the process by which
bacteria sense their environments and
move in response, swimming toward
beneficial attractant compounds and
away from harmful repellent ones (Hazel-
bauer et al., 2008; Wadhams and Armit-
age, 2004). Almost 20 years ago, urea
was described as the first chemotaxis
attractant for H. pylori, in work from Ter-
uko Nakazawa’s lab (Mizote et al., 1997).
The chemoreceptor responsible for de-
tecting urea, however, was not known.
To analyze which chemoreceptors are
relevant to sense metabolites produced
by human stomach cells, Huang et al.
(2015) utilized human gastric organoids
and asked whatH. pylori attractant chem-
icals are released by them andwhich che-
moreceptors sense them (Figure 1). They
obtained a strong attractant signal that
mapped to one of H. pylori’s four chemo-
receptors, TlpB. A few years earlier, TlpB
was shown to have a tightly bound urea
molecule that functions as a cofactor for
pH sensing (Goers Sweeney et al.,2012). This observation led Huang et al.
(2015) to test whether urea was the mole-
cule produced by the gastric organoids—
as well as by many other mammalian
cells—and indeed, it was.
A puzzle emerged because TlpB binds
urea quite tightly— with a dissociation
constant below 1 mM—while the concen-
tration of urea in the stomach is over
1 mM. This amount of urea is predicted
to saturate all the TlpB, essentially locking
H. pylori into a permanent attractant state.
Such a state would not allow H. pylori to
return to or stay in a place that best fits
its needs, because it could not change di-
rection and instead would swim off in a
straight line. Many bacteria use an adap-
tation system to deal with high concentra-
tions of ligands (Wadhams and Armitage,
2004), but H. pylori lacks the proteins of
this system and appears to not adapt
(Lertsethtakarn et al., 2011). When con-
fronted with such high amounts of urea,
H. pylori would not be able to migrate up
a gradient, therefore, and presumably
would not locate to the epithelial cells.
Huang et al. speculated, however, that
H. pylori’s highly abundant urease, an
enzyme that hydrolyzes urea to CO2 and
NH3, might play a role in urea sensing.
Indeed, a urease mutant no longer re-
sponded chemotactically to urea, sup-
porting that urea hydrolysis is required
for sensing (Figure 1). Furthermore, they
could elegantly show that exogenous ure-
ase, even from non-H. pylori sources,
could similarly allow urea chemotaxis.
Their data thus support a model whereby
H. pylori actively lowers the concentration
of urea to allow chemotaxis sensing.
The idea that a chemotaxis active
ligand is removed from the compartment
in which it is sensed is not new, but the
mechanism used here is unique. Chemo-Cell Host & Microbe 18taxis ligands are typically sensed in a
cellular compartment and then removed
from that environment. For example, the
Escherichia coli Tar chemoreceptor
senses aspartate in the periplasm, and
aspartate is removed from this compart-
ment by active transport into the cyto-
plasm. Similarly, the E. coli ligands
maltose, serine, ribose, and galactose
are all sensed in the periplasm and
removed by active transport into the cyto-
plasm (Wadhams and Armitage, 2004). In
the case of urease, Huang et al. discov-
ered a new mechanism for chemotaxis
ligand removal, one of active destruction.
Such a mechanism seems logical, given
that H. pylori uses the urea breakdown
products as local buffers.
Two distinct chemotaxis responses
have now been mapped to TlpB, both of
which stem from urea. When the amount
of urea can be brought below the amount
that saturates TlpB, it is sensed as an
attractant. TlpB also senses low pH as a
repellent (Croxen et al., 2006), a response
that requires urea as a cofactor (Goers
Sweeney et al., 2012). Thus, when urea
is saturating, TlpB swings into pH-sensing
mode. Interestingly, pH sensing has been
hypothesized to be due to protonation of
a key aspartate in TlpB’s urea binding
pocket, which weakens and/or alters
urea-TlpB interactions. This model fits
well with two-state models currently pro-
posed for other chemoreceptors: one
conformational state promotes an attrac-
tant response and another drives a repel-
lent response (Hazelbauer et al., 2008).
TlpB may drive attraction to urea when
the pH is neutral and urea is low, as
H. pylori nears the host epithelial cells.
When H. pylori veers too far away, how-
ever, the low pH removes urea from





Figure 1. Bacteria Can Sense Host Metabolites as Chemotaxis
Ligands
Host cells produce a wide range of metabolites that can be sensed by colo-
nizing bacteria. Helicobacter pylori uses a mechanism to hydrolyze urea to
CO2 and NH3. This reaction both helps to buffer the bacterium from harsh
stomach acid and also lowers the amount of urea to a range that allows a
chemotaxis response
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Previewsensues. Thus TlpB is able to
operate both when urea is
non-saturating as well as
when it is saturating.
The urease-urea-TlpB sys-
tem can also be thought of
as a way that pathogens
modify their niches to allow
optimal colonization. In a
similar vein, Salmonella en-
terica serovar Typhimurium
sparks inflammation, triggers
a release of reactive oxygen
species, and oxidizes the
host metabolite thiosulfate
into tetrathionate (Winter
et al., 2010). This compound
in turn can be used by Salmo-
nella as a terminal electron
acceptor to promote robust
anaerobic growth and is
sensed as a chemotaxis
attractant (Rivera-Cha´vezet al., 2013). This response seems intui-
tive since chemotaxis allows Salmonella
to efficiently locate host areas that contain
this key nutrient. H. pylori similarly must
have urea to buffer itself against the harsh
stomach pH, but urea is found in very high
amounts, seeming to obviate the need for
chemotaxis to locate it. Instead, H. pylori
may use urea chemotaxis to locate the
place where urea comes from, gastric
cells, so as to promote colonization at
the epithelial surface.
The in vitro analysis of TlpB has re-
vealed many interesting principles of pH
and urea sensing and how H. pylori might
have combined these two properties into
one chemoreceptor. TlpB’s role in vivo,
however, has been a bit more challenging
to discern. Somewhat surprisingly, mu-
tants lacking tlpB have no colonization
defect during early infection time points,
even out to several months (Huang et al.,
2015; Williams et al., 2007). H. pylori is a136 Cell Host & Microbe 18, August 12, 2015chronically infecting bacterium, however,
and tlpBmutants do have modest defects
at later time points, as reported here by
Huang et al. and previously (Williams
et al., 2007). Given the known properties
of TlpB, it’s not apparent why colonization
defects would take so long to develop.
The amount of urea would not be ex-
pected to change, and pH, if anything,
would become more neutral as H. pylori
infection develops. Other work has re-
ported that TlpB mutants have inflamma-
tion alterations (Williams et al., 2007).
Specifically, tlpB mutants initially trigger
low inflammation but transition to very
high inflammation as the infection pro-
gresses (Williams et al., 2007). The basis
for this behavior is not known, but the
high inflammation may lower the
H. pylori numbers, an outcome seen in
other high inflammation settings. The
TlpB inflammation phenotype does sug-
gest, however, that TlpB plays an impor-ª2015 Elsevier Inc.tant role in H. pylori epithelial
interactions that are needed
for inflammatory control. The
study of Huang et al. has
given new insights into the
mechanism by which TlpB
operates and suggested
exciting avenues to explore
for how this chemoreceptor
might contribute to overall
colonization.REFERENCES
Croxen, M.A., Sisson, G., Melano,
R., and Hoffman, P.S. (2006).
J. Bacteriol. 188, 2656–2665.
Goers Sweeney, E., Henderson,
J.N., Goers, J., Wreden, C., Hicks,
K.G., Foster, J.K., Parthasarathy,
R., Remington, S.J., and Guillemin,
K. (2012). Structure 20, 1177–
1188.
.L., Falke, J.J., and Parkinson, J.S.Hazelbauer, G
(2008). Trends Biochem. Sci. 33, 9–19.
Huang, J.Y., Sweeney, E.G., Sigal, M., Zhang, H.,
Remington, J., Cantrell, M.A., Kuo, C.J., Guillemin,
K., and Amieva, M.R. (2015). Cell Host Microbe 18,
this issue, 147–156.
Lertsethtakarn, P., Ottemann, K.M., and Hendrix-
son, D.R. (2011). Annu. Rev. Microbiol. 65,
389–410.
Mizote, T., Yoshiyama, H., and Nakazawa, T.
(1997). Infect. Immun. 65, 1519–1521.
Rivera-Cha´vez, F., Winter, S.E., Lopez, C.A., Xav-
ier, M.N., Winter, M.G., Nuccio, S.-P., Russell,
J.M., Laughlin, R.C., Lawhon, S.D., Sterzenbach,
T., et al. (2013). PLoS Pathog. 9, e1003267.
Wadhams, G.H., and Armitage, J.P. (2004). Nat.
Rev. Mol. Cell Biol. 5, 1024–1037.
Williams, S.M., Chen, Y.-T., Andermann, T.M.,
Carter, J.E., McGee, D.J., and Ottemann, K.M.
(2007). Infect. Immun. 75, 3747–3757.
Winter, S.E., Thiennimitr, P., Winter, M.G., Butler,
B.P., Huseby, D.L., Crawford, R.W., Russell,
J.M., Bevins, C.L., Adams, L.G., Tsolis, R.M.,
et al. (2010). Nature 467, 426–429.
